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Study of acoustic parameters of binary mixtures of a non-
polar liquid with polar liquid at different frequencies
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Abstract : The densities (ρ) and ultrasonic velocities (C) of binary mixture of diisopropyl ether (DIPE) and
bromobenzene (BB) have been measured at different frequencies (1 MHz, 3 MHz and 5 MHz) over the entire
range of mole fraction of diisopropyl ether (DIPE) at temperature 303 K. The intermolecular free length (Lf),
isentropic compressibility (β), acoustic impedance (Z) and excess values of isentropic compressibility (βE) and
acoustic impedance (ZE) have been computed using values of ultrasonic velocity (C) and density (ρ).
The ultrasonic velocity, intermolecular free length are positive whereas the excess values of isentropic
compressibility and acoustic impedance are negative over the entire composition range of DIPE which indicates
presence of specific interactions between unlike molecules. The results are discussed in the light of intermolecular
interactions occurring in the mixtures.
Keywords : Binary mixture, ultrasonic velocity, isentropic compressibility, acoustic impedance, intermolecular
free length.
PACS No. : 43.35.Bf
1. Introduction
The practical importance of liquid mixtures rather than single component liquid
systems, has gained much importance during the last two decades in assessing the
nature of molecular interactions and investigating the physico-chemical behaviour of
such systems [1,2]. Ultrasonic investigation of liquid mixtures consisting of polar and
non-polar components is of considerable importance in understanding intermolecular
interaction between the component molecules and they find applications in several
industrial and technological process [3–5]. Further, such studies as a function of
concentration are useful in gaining insight into the structure and bonding of associated
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molecular components and other molecular processes. The measurement of ultrasonic
speeds and parameters derived from it has been used in understanding the nature of
intermolecular interactions in liquid mixtures [6–11]. Though a number of investigations
were carried out in liquid mixtures having bromobenzene as one of the components
[12, 13], binary system with DIPE as one of the component at constant frequency are
scarcely reported. As DIPE is a secondary ether it is used as a solvent for resins,
waxes, oils, dyes and surface coatings. Again it is also used in solvent extraction in
nuclear energy industries. It plays a major role in purifying crude industrial waste water
where recoveries are 40–110% for test solutions containing approximately 250 µg/lit.
DIPE is expected to interact differently at different frequencies with a polar
molecule such as bromobenzene. Hence the authors have performed a thorough study
of molecular interactions in binary mixtures of DIPE and bromobenzene at different
frequencies. The present work deals with the measurement of ultrasonic velocities and
computation of related parameters in the binary system of DIPE and bromobenzene.
2. Experimental procedure
In the present study, the chemicals used are of analytical grade (E Merck) purified by
standard procedure [14–16] and redistilled before use. Density was determined with a
pyknometer of 25 cm3 capacity, calibrated at 303 K with de-ionized, doubly distilled
water. At a fixed temperature, the density was determined with an error of one in 104.
Ultrasonic velocity was measured by a single crystal variable path interferometer (Mittal
type) operating at different frequencies (1 MHz, 3 MHz and 5 MHz). The principle used
in measurement of ultrasonic velocity in a medium is based on the accurate
determination of wavelength of ultrasonic waves of known frequency produced by quartz
crystal in measuring cell [17] and the accuracy in the measurement is ±0.001 m/s.
Circulating water from thermostatically regulated bath around the sample holder with
double wall, maintains the temperature of the liquid constant with a precision of ±0.1°C.
Binary mixtures of DIPE were prepared with bromobenzene with varying mole fraction
of DIPE and measurements were made on these mixtures at 303 K.
Using the measured data, the acoustical parameters such as isentropic
compressibility (β), intermolecular free length (Lf), acoustic impedance (Z ), excess
values of isentropic compressibility (ZE) and acoustic impedance (ZE) have been
calculated using the following expressions [9] :
( )C 12β ρ −= (1)
fL K 1 2β /= (2)
Z Cρ= (3)
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( )E n A A B BX Xβ β β β= − + (4)
( )E n A A B BZ Z X Z X Z= − + (5)
where, K is the temperature dependent constant, having a value 300 × 10–8 at 303.16.
XA, XB are the mole fraction of bromobenezene and di-isopropyl ether respectively. βA,
βB and βn are the isentropic compressibility and ZA, ZB and Zn are acoustic impedance
of bromobenzene, di-isopropyl ether and mixture respectively.
3. Results and discussion
The experimental data relating to density, and velocity at 303 K for frequencies 1 MHz,
3 MHz and 5 MHz for the mixture are given in Table 1. The calculated values of
excess isentropic compressibility (βE), intermolecular free length (Lf) and excess
acoustic impedance (ZE) for the mixture are presented in Table 2.
Table 1. Values of density (ρ) and velocity (C) at 303 K and frequency (1 MHz,
3 MHz and 5 MHz).
        Mole Fraction ρ C (m s–1)
XA XB (kg m–3) 1 MHz 3 MHz 5 MHz
1 0 1.495 922 1000 1260
0.816 0.184 1.352 900 950 1200
0.757 0.243 1.307 875 925 1180
0.659 0.341 1.231 840 900 1140
0.516 0.484 1.120 800 870 1120
0.441 0.559 1.062 790 840 1080
0.388 0.612 1.021 775 820 1040
0.271 0.729 0.931 820 910 1130
0.138 0.862 0.828 860 960 1170
0.087 0.913 0.789 910 1020 1240
0 1 0.722 1012 1080 1290
From Table 1 and Figure 1 it is observed that the ultrasonic velocity in
bromobenzene decreases gradually with increase of mole fraction of DIPE in it and
Mole fraction of diisopropyl ether
Figure 1. Schematic variation of ultrasonic velocity with mole fraction of di-isopropyl ether with bromobenzene.
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Table 2. Values of excess isentropic compressibility (βE), free length (Lf) and excess acoustic impedance (ZE).
 Mole Fraction βE × 1012 (m2 N–1) Lf × 1010 (m) ZE × 10–3 (kg m–2 s–1)
XA XB 1 MHz 3 MHz 5 MHz 1 MHz 3 MHz 5 MHz 1 MHz 3 MHz 5 MHz
1 0 0 0 0 0.266 0.244 0.194 0 0 0
0.816 0.184 –0.752 –0.676 –0.424 0.286 0.271 0.204 –1.091 –0.729 –0.921
0.757 0.243 –1.016 –0.908 –0.558 0.299 0.283 0.222 –0.14 –0.148 –0.189
0.659 0.341 –1.428 –1.244 –0.775 0.321 0.3 0.237 –0.341 –0.366 –0.463
0.516 0.484 –1.916 –1.62 –0.978 0.354 0.325 0.253 –0.694 –0.755 –0.972
0.441 0.559 –2.044 –1.808 –1.094 0.368 0.346 0.269 –0.705 –0.75 –0.964
0.388 0.612 –2.127 –1.899 –1.181 0.383 0.362 0.285 –0.716 –0.757 –0.96
0.271 0.729 –1.737 –1.411 –0.915 0.362 0.341 0.275 –0.396 –0.439 –0.545
0.138 0.862 –1.06 –0.851 –0.543 0.383 0.343 0.281 –0.579 –0.647 –0.788
0.087 0.913 –0.667 –0.531 –0.359 0.371 0.331 0.272 –0.228 –0.256 –0.311
0 1 0 0 0 0.373 0.326 0.273 0 0 0
then again increases sharply in DIPE rich region. At a given concentration of DIPE in
bromobenzene ultrasonic velcotiy increases with increase of frequency from 1 MHz to
5 MHz. Such variation of ultrasonic velocity with mole fraction of DIPE in the binary
mixture polar liquid like bromobenzene (dipole moment 3200 cm–1 at 25°C) with a non-
polar liquid like DIPE (dipole moment < 3 cm–1) can be interpreted in terms of different
types of interactions present in the system [18–21].
Pure bromobenzene is a liquid having intermolecular hydrogen bonding. In the
pure state it exhibits equilibrium between multimer and monomor species and is
expected to experience weak dipole-dipole interaction [22] for which the molecules
move with high speeds. Hence ultrasonic velocity in bromobenzene is somewhat high.
As the DIPE is added gradually to bromobenzene the number of interacting
molecules which can break the molecular clustering of bromobenzene and hence, the
dipole formation is enhanced. This suggests that the interaction existing between
bromobenzene and DIPE is strengthened due to formation of intermolecular H-bonds
between bromobenzene molecules and dipole-induced dipole interaction between
bromobenzene and DIPE. On the basis of sound propagation in liquid [23], the increase
in free length after mixing decreases the sound velocity which is clearly observed upto
61% mole fraction of DIPE. Again in DIPE rich region, i.e. 72% of DIPE, the ultrasonic
velocity increases sharply as there is only temporary dipole induced dipole interaction
existing between DIPE molecules and weak H-bonding between BB and DIPE, or
between two DIPE molecule, which are represented in Figures 1a, 1b, and 1c, respectively.
Further, considering the effect of frequency it is very clear that with increase in
frequency to 3 MHz and 5 MHz the interaction between DIPE (nonpolar) and
bromobenzene (polar) decreases and the ultrasonic velocity increases considerably as
is evident from experimental data and profiles for ultrasonic velocity.
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Figure 1a. Molecular association through
intermolecular H-bonding in pure bromobenzene.
Figure 1b. Molecular association through
H–bonding in DIPE + B-B system.
Figure 1c. Molecular association through H-bonding in DIPE.
It is interesting to note that the variation of excess isentropic compressibility (βE)
with mole fractions of DIPE is negative throughout as shown in Figure 2.
Negative excess compressibility suggests that the medium is highly packed [24–
26]. βE becomes increasingly negative upto 61% mole fraction of DIPE as the strength
of interaction increases and then decreases negatively. Fort and More [27], and Mehera
[28] have reported similar observation in their study where as Acharya et al [12] have
reported negative βE value for bromobenzene, chlorobenzene and +ve βE value for
toluene. Mixing of non-polar DIPE with polar bromobenzene tends to break dipolar
Mole fraction of diisopropyal ether.
Figure 2. Schematic variation of excess isentropic compressibility of di-isopropyal ether with bromobenzene.
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association and leads to dipole-induced dipole type of interaction which decreases the
space and making it less compressible as exhibited by negative compressibility. When
the mixture becomes rich in DIPE, the relative proportion of inducing dipole becomes
less and hence the values becomes decreasingly negative after reaching a maximum.
Further when frequency increases from 1 MHz to 3 MHz to 5 MHz the interaction
between the liquid mixture decreases for which the medium becomes loosely packed.
As a result the βE value decreases negatively as shown in profiles.
The variation of intermolecular free length (Lf) with mole fraction of DIPE is
shown in Figure 3.
From the profiles it is observed that the value of Lf increases steadily and attains
maximum value at 0.612 mole fraction of DIPE. Then it decreases at high concentration
of DIPE. The rate of variation of Lf is rapid in the low concentration region of DIPE
and is maximum in frequency range 1 MHz and 3 MHz. As the intermolecular free
length is found to be a predominant factor in determining the nature of sound velocity
variation in liquid mixture [29], such variation can be interpreted in terms of specific
interaction between molecules of different sizes [12,20,30,31]. Considering the effect of
frequency it is evident from the profiles that when the frequency increases the
interaction between the molecules increases but due to the dissociative nature of
bromobenzene the symmetry of the DIPE molecules and the entire system is disturbed
for which the intermolecular free length decreases.
Variation of excess acoustic impedance is presented in Figure 4. Z E is negative
at all the three frequencies ivestigated and at all concentrations of DIPE in the mixture.
The negative deviation in Z are in agreement with the negative deviation of β.
Prakash et al [32] in their study of ZE have reported that, more than one type of
interaction may be present in a given system. Since in a mixture of polar and non-
polar liquids the interactions like dipole-dipole [33,34] and dipole-induced dipole [35–37]
play a vital these interactions contribute to negative values in ZE. Further, with increase
of frequency the excess value of Z E decreases negatively as shown in profiles. The
rate of decrease Z E is less at high frequency in comparison with that at low frequency
Mole fraction of diisopropyl ether
Figure 3. Schematic variation of intermolecular free length with mole fraction of di-isopropyl ether with
bromobenzene.
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which is obvious. Again due to dispersive nature of DIPE, the excess value of Z E
shows a zig-zag trend throughout the composition range.
4. Conclusion
On the basis of the above discussion it may be concluded that the acoustical
parameters and negative excess values hint to the presence of H-bonding, dipole-dipole,
dipole-induced dipole interactions and dispersion force between the component molecules
in the mixture studied at different frequencies. It is also observed that the acoustic
parameters and their excess values are highly affected in low frequency range (1 MHz)
as compared to that in high frequency range (3 and 5 MHz). Thus it can be concluded
that in describing the thermal and acoustic parameters the variation of frequency plays
a vital role in a mixture of polar and non-polar liquids.
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